Technological advances in optical sensing have led to a rapid development of high-performance semiconductor photodetectors and their focal plane arrays [1] [2] [3] . Particularly, there is an increasing interest in developing "miniature" pixels in a few micron or submicron scale for high-resolution, highly compact, and low-noise imaging systems. To optimize optical/electrical performance for those "small" devices, it is important to understand carrier dynamics in those structures and properly simulate photocurrent, or photoresponse, to estimate their optical performance. However, it is challenging to do so. This is because such structures have much larger surface-to-volume ratios and smaller cross-sections at the mesa-substrate interface, and thus analytical solutions cannot be found [4] [5] [6] . In this work, we have developed a comprehensive 3D computational model, which accurately simulates photocurrent and external quantum efficiency (EQE) of these "small" photodetectors [7] [8] [9] . The model was successfully implemented to design nanowire-based InAs(Sb) infrared photodetectors, where each nanowire array composed of thousands of nanowires is a single pixel. InAs(Sb) nanowires are grown by selective-area metal-organic chemical vapor deposition [10] [11] [12] . The This further leads to the development of uncooled nanowire photodetection platforms from short-wave infrared (SWIR) (Figure 1 ) to mid-wave infrared (MWIR) (Figure 2 ), spanning 1.4µm -5µm [13, 14] . Note that the design of pixels in sub-10 micron or sub-micron scale is extremely difficult, much more than that of bulk detectors in hundreds of micron.
Their 3D features need to fully accounted for in simulation and cannot be simplified unlike planar mesa structures. Therefore, analytical solutions are of limited applicability, and it is necessary to use a 3D computational model. This computational model combines optical simulation by time-domain finite-difference (FDTD) and electrical simulation by finite-element method (FEM) (Figure 3 ) [7, 8] . First, the 3D electric field profile and optical absorption are solved by FDTD. Then, the simulated electric field and optical generation profiles in FDTD mesh grids are interpolated into the FEM grids so that it could be imported into the electrical simulator. Finally, the imported electric field profiles were converted to optical generation profiles and the electrical simulator solved the drift-diffusion and continuity equations to output the photo current. As a result, we can couple simulation results between numerical techniques and solver platforms that are individually optimized for optical and electrical simulations. This method allows to determine and optimize our nanowire device performance metrics. It is the first computational model which can simulate photocurrent from 3D optical profiles. The early version of the model was used to simulate temporal carrier motions in 3D nanowires. It was later optimized the model by including more complicated carrier dynamics and material properties. Guided by the 3D computational model (Figure 4) , we demonstrated two prototypes -uncooled InAs nanowire detector at SWIR with a cut-off at 2.5 µm and InAsSb nanowire detector at MWIR up to 3.4µm [13, 14] . The nanowire photodetector arrays were grown by selective-area MOCVD with extremely high vertical yield and high uniformity. We further studied the impact of individual material properties, e.g. surface recombination and carrier mobilities, on photoresponse. This capability allows to concurrently explore multiple material properties that reflect the complex carrier dynamics in 3D detector structures.
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Furthermore, the unique plasmonic structure in our devices also opens the possibility of developing nanowire-plasmonic multichannel detectors for multispectral and hyperspectral imaging applications. In conclusion, we show that the 3D computational model can support sophisticated optical and electrical design of nanostrucutred photodetectors to achieve better performance. We believe this study paves the way for designing next-generation semiconductor-based nanostructured optoelectronic devices.
